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Abstract

35
Mel4 is a novel cationic peptide with potent activity against Gram-positive bacteria. The 36 current study examined the anti-staphylococcal mechanism of action of Mel4 and its precursor 37 peptide melimine. The interaction of peptides with lipoteichoic acid (LTA) and with the 38 cytoplasmic membrane using DiSC(3)-5, Sytox green, Syto-9 and PI dyes were studied.
39
Release of ATP and DNA/RNA from cells exposed to the peptides were determined.
40
Bacteriolysis and autolysin-activated cell death were determined by measuring decreases in in turn may lead to cell death [22, 23] . Some AMPs translocate across the cell membrane and 86 inhibit DNA/RNA or protein synthesis [24, 25] . AMPs can also kill Gram positive bacteria by 87 activating cell wall bound autolytic enzymes known as autolysins [26] . LTAs bind to autolysins 88 in bacterial cell walls and control their activity. AMPs can disturb the regulatory function 89 ofLTA resulting in unregulated autolysin activity which then acts on the peptidoglycan chains 90 and peptide bridges of murein [27] .
91
Melimine is a cationic hybrid peptide of melittin and protamine [28] . It shows broad spectrum 92 antimicrobial activity against Gram-negative and Gram-positive bacteria (including MRSA),
93
fungi and protozoan such as Acanthamoeba without inducing resistance in bacteria [28, 29] .
94
Melimine destroys the membrane potential of S. aureus [30] 
164
Penetration of these two dyes through compromised membrane occurs through pores and 165 differences may indicate different pore structures/sizes created by peptides.
166
Cytoplasmic membrane depolarization was performed as described by Rasul et al., [30] with 
178
Sytox green assay was performed following the established protocol of Li et al., [49] as the ratio to the initial OD260nm.
212
Lysis of bacteria
213
The bacteria-lytic potential of the two peptides was evaluated using two different bacterial 214 inoculums 1× 10 8 CFU/ml (OD660 0.1) and 3 × 10 10 CFU/ml. depolarization was similar for both the concentrations. This depolarization of the cytoplasmic 296 membrane was not directly associated with the bacterial death as only < 0.5 log10 bacteria were 297 affected with both the peptides at either concentration (Fig. 2) .
298
The fluorescence of Sytox green increased over time only with melimine and no fluorescence 299 was detected with Mel4. Melimine at its MIC or MBC permeabilized the cell membrane and 300 the fluorescence increased significantly after 10 minutes of exposure compared to buffer 301 treated controls (p<0.026) (Fig. 3) . The intensity of fluorescence gradually increased over 150 302 minutes for both the concentrations of melimine against all strains, but no significant difference Triton-X 100 resulted emission of higher Sytox green fluorescence compared to either peptides 305 within 10 minutes (p<0.001).
306
The membrane damaging effect of these peptides was also assessed with S. aureus 38 only by 307 flow cytometry in the presence of the DNA intercalating dye PI and the membrane permeable 308 dye Syto-9 (Fig. 4) levels of Syto-9 and low levels of PI even after 150 minutes incubation (Fig. 4) .
329
The release of cytoplasmic contents
330
Melimine at its MIC or MBC released 49% and 51% of total cellular ATP respectively after 2 331 minutes of exposure (p<0.001) ( At low bacterial concentrations (1× 10 8 CFU/ml), both the peptides showed no effect on optical 351 density. This was probably due to bacterial concentration was too low to detect any change in 352 optical density. However, when higher inoculum size of 1× 10 10 CFU/ml was used and treated
353
with various concentration of peptides, a significant reduction in optical density was observed 354 at 6.5 hours (Fig. 7) . At this time point, melimine reduced optical density by 21±1% at its MIC
355
and 31±4% at its MBC compared to buffer treated control (p<0.001) (Fig. 7) . Melimine lysed 356 more than 42% cells after 24 h. A similar trend was observed for Mel4 which reduced optical 357 density by 22±3 % and 25±2 % at its MICs and MBCs respectively after 6.5 h (Fig. 7) . After 
362
The killing kinetics of AMPs was determined by exposing S. aureus to their MIC and MBC.
363
Melimine reduced the number of cells by 1.1 log10 at its MIC and 1.2 log10 CFU/ml at its MBC 364 after 2 h of incubation (Fig. 8) . At its MIC, after 2 hours melimine continued to reduce the 365 numbers of live cells, but the rate of reduction diminished after 12 hours. The initial rate of 366 reduction from 0-2 h was 6.6 CFU log10/ml/hour, from 2-12 hours was 5.9 CFU log10/ml/hour 367 and from 12-24 h was 2.9 CFU log10/ml/hour. At its MBC, the initial rate of reduction was 6.7
368
CFU log10/ml/hour, then from 2-24 h the rate remained constant at 5.7 CFU log10/ml/hour.
369
Mel4 at its MIC did not significantly reduce bacterial viability within the first 2 h. The rate of 370 reduction from 2-12 h was 5.6 CFU log10/ml/hour and 3.8 CFU log10/ml/hour from 12-24 h. At 371 its MBC the rate of reduction was also negligible initially (0-2 h), however, from 2-24 h the 372 rate of reduction increased to 5.5 CFU log10/ml/hour. Killing rate of melimine from 2-24 was 373 significantly higher than Mel4 (p<0.001). The bacterial viability remained unaffected in control 374 (buffer treated) over 24 h of the experiment.
375
Autolytic activity
376
Autolytic activity of peptide-treated S. aureus supernatants was tested using PGN as the 
